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INTRODUCTION
The prevalence of ankle injuries is extremely common in a wide variety of sports and athletics. Athletes who suffer ankle sprains are prone to reinjure the same ankle, which usually results in disability and chronic instability. Among all sports, volleyball has a relatively higher incidence of ankle injuries [1] . Several balance exercises and other neuromuscular training have been arranged in order to reduce the clinical manifestations of ankle injuries. Exerciserelated training programs are aimed to increase neuromuscular strength, which is required for resistance against the destabilizing load on the knee [2] . It is well documented that female athletes are comparatively at higher risk of acquiring knee injuries as compared to male athletes [3] . Therefore, most of the training programs are designed to reduce the risk of injuries and their complications among female individuals. Future complications of knee injuries have a direct impact on athletes' quality of life [4] . Similarly, knee ligament injuries are widely associated with chronic pain which, in turn, results in long-term disability. Tendons and ligaments are systematic parts of the neuromuscular system that require certain dietary supplements and training programs for enhancement of energy levels. Therefore, athletes are always recommended to enhance their energy levels by means of exercise training programs.
Osteoarthritis has now been considered the second most common morbidity among older adults. Moreover, this diagnosis has been identified as a major contributing factor to the increase in the risk of disability in senior individuals [5] . Along with the older population, athletes have been also identified as individuals at risk for acquiring such complications [6] . For patients with knee disability, total knee replacement is considered a major surgical approach to effectively addressing the complications [7] . According to the most recent meta-analysis, preoperative exercises play a vital role in functional recovery. Some of the common exercises identified as the best intervention against the complications of osteopathy include mainly aerobics, proprioceptive exercises, and strength exercises [8, 9] . An appropriate exercise program is an important way to assess and address deficiencies in the human body [10, 11] . Therefore, exercises have been identified as an effective therapeutic intervention for the morbid complications of osteoarthritis or ankle injuries.
Proprioception and its clarification have different meanings in diverse regions. In early years, proprioception was defined as the ability to receive input from tendons, joints, and muscles through proper functioning of the central nervous system. This definition of proprioception, however, was not acceptable across different countries. Therefore, controversies continued to prevail over universally accepted definitions of proprioception. Since 1906, many definitions of proprioception have been formulated on the basis of different facts. Currently, neurophysiologists have defined proprioception as the input that occurs due to stimuli in three locations, which include peripheral mechanoreceptors, the visual system, and the vestibular system [12] . Shifting et al. [13] have suggested the significant functional capabilities of proprioceptive training exercises for reducing the risk of ankle sprains in the sporting population. There are reports that ankle sprains are extremely common consequences of sports-related injuries, being frequently associated with ankle replacement or disability [14, 15] .
High prevalence of ankle sprains is associated with directional changes, jumping activities, and pivoting [16, 17] . Ankle tendon dysfunction, disability and pain, and economic burden have been commonly seen when assessing such complications. Chronic instability and impairment have been also diagnosed in athletes with ankle sprains [18] . For that purpose, proprioception has been identified as a complex neuromuscular process, which is concerned with kinesthetic awareness of body movement and body positioning. Efferent signaling and afferent responses play a significant role in injury prevention and joint stability [19] . Proprioceptive training exercises have been targeted to detect and improve joint position. Systematic reviews have explored proprioceptive exercises for the prevention and management of ankle sprains among athletes [20, 22] . Strengthening, proprioceptive training, plyometric training, agility, and the combination of such neuromuscular interventions have been identified as rehabilitation measures. A systematic review also found effectiveness of functional rehabilitation interventions, evaluated by functional assessment tools, in improving athlete strains in accordance with their symptoms and complications [23] .
Verhagen et al. [24] have demonstrated that proprioceptive balance training is a valuable effective approach for the prevention of ankle sprains in volleyball players. This approach is widely used in rehabilitation centers, in order to restore damaged structures and ligaments around the ankle. Such training programs are also considered an effective alternative to bracing or taping for the prevention of sprains. Holm et al. [3] mention that side-to-side differences between limbs are usually expressed by the limb symmetry index. This approach is useful in training programs for assessing the value and frequency of functional deficit. Neuromuscular training programs were also introduced for handball teams because a study showed the risk of anterior cruciate ligament rupture among handball players [3] .
Therefore, it can be said that neuromuscular training programs are widely used in the athletic domain in order to reduce the risk of severe complications of anklerelated injuries. Based on such facts, this systematic review aimed to analyze the effects of neuromuscular training programs on proprioception among athletes.
METHODS
A mixed research design was implemented for data collection and interpretation. The rationale behind the selection of this design was to gather authentic and relevant data for a systematic review and metaanalysis. Moreover, the mixed research design is also an authentic and widely recognized format in innovative research. Similarly, the mixed research design has also been effective for collecting a wider range of data for identification of the best outcome. Therefore, it is said that the mixed research design helps explore proprioception in neuromuscular training programs [37] .
An appropriate search in the published literature using online libraries (Google Scholar, PubMed, EBSCOhost, and ProQuest) and different search engines was carried out. Keywords included NEURO-MUSCULAR, EXERCISE, TRAINING, PROPRIO-CEPTION, and ATHLETES. The inclusion criteria consisted mainly of studies related to the topic, having relevant resources, and published in the past 10 years.
The articles were scrutinized on the basis of relevance to the topic, abstract quality, knowledge level, quality of information, and authentication of resources. The initially selected 15 articles were further scrutinized by associated experts, resulting in the selection of the five best research articles for the systematic review and meta-analysis. Relevance and updated resources were two major aspects of the selection criteria. This process helped investigators enhance the quality of research articles in an effective way.
The collected data were analyzed by means of a systematic review and meta-analysis. After data collection, the research articles were evaluated on the basis of research questions. Relevant and necessary information was obtained from the selected articles in order to answer the research questions. The statistical analysis was conducted using IBM SPSS, version 20.
RESULTS
Initially, 200 research articles were selected for analysis, but this number dropped to 15 after the scrutiny process. The electronic search in the database yielded 200 research studies after removal of duplicate articles. Out of such extensive database collection, 15 research articles underwent full-text review. Ten of these were excluded from the research process for different reasons. The first one was that the studies were not randomized controlled trials. Another reason was that the control groups were also receiving neuromuscular training similar to the training groups. The remaining five research studies were included for the final analysis (Figure 1) . These five research studies comprised 2,459 participants. Table 1 shows the complete details about the included studies. PEDro scores of the selected studies ranged from 3 to 6 with an average score of 4.4/10. Using a grading system for PEDro scores, two of the selected five articles were identified as having "excellent quality" (score around 5 or 6), two were considered to be of "good quality" (score 3 or 4), and one study was of "moderate quality" (score 2). The five selected trials were identified to be homogenous from a statistical point of view. A meta-analysis of the five selected trials was performed, which revealed a statistically significant reduction in the extent of ankle injuries during proprioceptive training programs Comparison interventions included warm-up routines, usual care, and strength training. When such results were subdivided for analyzing the secondary effects of proprioceptive training programs, the outcomes were mainly related to the intervention (four trials, RR=0.54, 94%CI: 0.56-0.85; NNT=12, 93%CI: 99-6). While assessing the effect of proprioceptive training among athletes without any related history of ankle injuries, the pooled outcomes were statistically significant (RR=0.56, 94%CI:0.38-0.95; NNT=35, 93%CI:1000-13). The confidence interval was also analyzed, showing larger differences (Figure 2) . 
DISCUSSION
The overall findings of the meta-analysis and systematic review indicated that there was a direct impact of neuromuscular training programs on proprioception, preventing and reducing the risk of chronic complications. The findings also indicated that ankle injury and sport were two independent variables as there was not a major impact of these variables on health or training programs. As suggested by the systematic review and the meta-analysis, all of the five studies supported the implementation of proprioceptive neuromuscular training programs [2, [25] [26] [27] [28] . In order to develop a supportive argument for the implication of neuromuscular training programs, the study utilized a wider range of qualitative and quantitative studies. The rationale behind this approach was to specify the attained outcomes with the previous literature on the basis of authenticity and review.
Bazzucchi et al. [29] focused on the significance of training exercises concerning neuromuscular complications among diabetes mellitus patients. Diabetes mellitus is directly associated with the development of severe disability; therefore, the trends and significance related to neuromuscular training exercises can be easily witnessed. The study mentioned that deleterious changes usually occur in muscle contractile properties and motor nerves, often reducing muscle strength and power. Therefore, regular neuromuscular exercises are beneficial as they reduce the risk of morbidities. Similarly, Ageberg and Roos [30] identified that neuromuscular exercise training can be easily used as significant treatment for degenerative diseases. Degenerative diseases usually affect the muscular system, specifically among women. The outcomes specifically depict that knee problems resolve after neuromuscular exercise training for a specified time frame. A randomized controlled trial was conducted by Villadsen et al. [31] , demonstrating beneficial results of neuromuscular exercises after hip and knee arthroplasty. The trial also mentions that neuromuscular exercises are beneficial for tendons and muscles during strains. Although the three selected studies have no relationship with athletics and sports, they strongly support the importance of neuromuscular exercises for morbidities related to the muscular system. Therefore, it can be said that neuromuscular exercise training programs help patients avoid pain and other complications associated with the muscular system.
Proprioceptive training programs for prevention of pain and strains is another valuable aspect. Many outcomes have been identified through systematic reviews and meta-analyses. However, the previously published literature also supports the statistical relationship between prevention and proprioception. A randomized controlled trial was conducted [28] , which focused on participants with no history of ankle sprains. This trial did not show any impact of training programs on proprioception as regards prevention. However, the meta-analysis showed a statistically significant pooled impact after comparison with those participants with a history of ankle sprains [28] . A research study selected those individuals or athletes with a prior history of ankle sprains. The results show a positive impact of training programs on proprioception [2] . Similarly, compliance levels are directly associated with the impact of training programs on proprioception Figure 2 . Meta-analysis of the studies on the effectiveness of proprioceptive training programs among athletes suffering from ankle ligament injury.
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regarding the prevention of ankle injuries. There was variability among different research studies; however, the level of compliance plays a major role in experimental settings in so that the best outcomes can be achieved [17] . At the same time, the effectiveness of proprioceptive training to treat ankle injury among athletes suggests that rehabilitative effects have been analyzed because of a proper mechanism. It has been ideally proposed that such training programs help patients address their impairments and fight the complications of ankle injury. A past research study supported that neuromuscular training programs help athletes effectively reduce the risk of acquiring severe chronic complications [32] .
Because of the remarkable similarities between the clinical perspective and the selected research studies, it can be said that the findings of this research study can be also applied in the clinical environment. The selected research studies utilized the best possible clinical approaches, which may help clinicians improve their practices in an effective way. Therefore, it can be said that the clinical application of all these outcomes is possible due to the appropriate level of impact on preventive approaches [2, [25] [26] [27] [28] .
As clinical approaches are effective, proprioceptive training programs significantly help athletes assure their well-being and wellness regarding ankle strains and disability. In addition, athletes are also exposed to disability risk, which is mostly reduced through trainings. Moreover, proprioceptive training exercises are mostly broken into different sessions, which are necessary for organization and promotion of wellness in accordance with the human body [2, 28] . Therefore, it can be said that training programs and exercises must be arranged through effective strategies to avoid any potential risk of ankle injuries.
The study also demonstrates that training programs that include vigorous exercises are not as effective as functional exercises in reducing the risks and complications of ankle strains. Proprioceptive and neuromuscular exercises substantially help athletes to prevent the risk of such complications for their normal osteopathic and physiological functioning [17] . Similar outcomes were retrieved by the current study in order to assess the compliance level. Therefore, it is said that proprioceptive training programs greatly help prevent the risks of ankle strains in the sporting population.
Sugimoto et al. [33] carried out a meta-analysis that revealed a significant relationship between training programs and proprioception for the prevention of injuries. The statistical analysis showed that proprioceptive training programs helped prevent ankle strains among athletes. In a similar context, Myer et al. [34] focused on the implication of proprioceptive exercises among athletes. The relative outcomes indicated that ankle strains among athletes are extremely common and can be easily prevented through proprioceptive programs. A critical review carried out by Sugimoto et al. [35] also supported the usage of proprioceptive training programs for reducing muscular diseases. Brandon et al. [36] utilized different techniques for assessing the role of proprioceptive exercises. Their study indicated that proprioceptive training programs help reduce strain-related outcomes among athletes.
A limitation of the selected research studies concerns insufficient information about training parameters and substantial variability. For instance, all of the selected research articles indicated that the training programs were divided into different sessions with pre and post techniques. However, the studies failed to provide knowledge about the parameters utilized for measuring ankle problems and their complications. At the same time, the selected research studies also failed to provide relevant information about exercise duration. None of the research studies indicated the specific length of time and number of sessions for the training programs [2, [25] [26] [27] [28] . Despite this perspective of variability, a proper impact was also detected in this review.
The optimal ratio between dose and response for the prophylactic impact of proprioceptive training programs remains unclear. A cumulative impact may exist; however, longer programs have a direct preventive impact [1] . It is extremely difficult to assess training programs and their effectiveness as far as preventive parameters are concerned. Future studies can develop different training parameters in order to increase safety and quality of life. However, this systematic review has its own strengths. To begin with, this review completely focused on the effectiveness of proprioceptive training programs among athletes. This review did not deviate from the topic or relative variables at any point of the research process. This review selected only five controlled trials for analysis among a diversified range of research articles. Thus, it can be said that the outcomes of this review are reliable comparatively to other research studies. characterized by pain and strains. The prevalence rate of ankle-related injuries has increased at a constant rate among athletes across the globe. Therefore, proprioceptive exercises have been analyzed through meta-analyses and systematic reviews. A wide range of previously published literature has indicated that proprioceptive exercises relatively help athletes prevent ankle strains. Moreover, a comparison between the studies selected for the systematic review and previously published literature has identified that proprioceptive exercises are necessary to enhance the quality of life of athletes. Therefore, it can be concluded from the meta-analysis that ankle strains and other injuries can be easily minimized and prevented among athletes through neuromuscular proprioceptive exercise training. However, a larger sample size can be utilized in future studies to identify more comprehensive outcomes related to ankle injuries.
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